Longterm alcohol abuse can impair the brain's intellectual and problemsolving functions. Research suggests that women may be more sensitive than men to this impairment. R esearch indicates that longterm alcohol abuse 1 can impair virtu ally all of the brain's information processing (cogni tive) functions. Much of this research has been limited to the study of alcoholic men, perhaps, in part, because for many years, the primary locations for such research were Veterans' Administration hospitals. This situation has changed in recent years. With increasing treatment availability and changing social mores regarding alco holism, more women are obtaining treat ment, thereby becoming available for study.
R esearch indicates that longterm alcohol abuse 1 can impair virtu ally all of the brain's information processing (cogni tive) functions. Much of this research has been limited to the study of alcoholic men, perhaps, in part, because for many years, the primary locations for such research were Veterans' Administration hospitals. This situation has changed in recent years. With increasing treatment availability and changing social mores regarding alco holism, more women are obtaining treat ment, thereby becoming available for study.
This article focuses on the neuropsy chologic and neurophysiologic conse quences of longterm alcohol abuse in women. Broadly defined, neuropsycho logic functions include learning, memory, abstract thinking, problemsolving, perceptualmotor skills (such as eyehand coordination), and the ability to analyze spatial relationships (Hunt and Nixon 1993) . Neurophysiologic functions are related to the structure and electrical activity of the brain. 1 Throughout this article, terms such as "alcohol abuse," "alcoholism," and "heavy drinking" are used. There is overlap among these terms in the alcoholism literature; therefore, the wording in each case is based on the terms used in the reference cited.
NEUROPSYCHOLOGIC DEFICITS IN ALCOHOLIC WOMEN
A pioneering assessment of alcoholic women and men was conducted by Acker (1986) , who used a battery of paper andpencil and computer tests to assess problemsolving ability involving spatial relationships. The performance of alco holics was matched to that of nonalcoholic control subjects of similar educational level, age, and intelligence. Alcoholics of both genders performed poorly compared with control subjects. However, alcoholic women performed as poorly as alcoholic men, even though the latter reported more years of alcoholic drinking. Bergman (1987) used a battery of standard tests to assess neuropsychologic performance in male and female alco holics. Control subjects were selected randomly from a national register of all inhabitants of Sweden. Tests included the HalsteadReitan Neuropsychological Test Battery, which provides an index of over all neuropsychologic impairment. The higher the index (range 0.0 to 1.0), the greater the impairment. These findings revealed modest (0.5 to 0.8) to profound (0.9 to 1.0) impairment in 22 percent more of the alcoholic than the control men and 24 percent more of the alcoholic than the control women. Alcoholic wom en reported approximately onehalf the duration (years) of heavy drinking and consumed about 37 percent less alcohol per drinking occasion as alcoholic men. These findings are consistent with Acker's conclusion (1986) that women are more sensitive than men to the cogni tive effects of longterm alcohol abuse.
Since these early studies, considerable research has been performed on the nature of alcoholrelated cognitive deficits in women. Most results suggest that male and female alcoholics share a common pattern of neuropsychologic dysfunction despite alcoholic women typically report This conclusion is supported by a recent study of men and women perform ing a wide range of neuropsychologic tests (Glenn et al. 1993) . Four domains were assessed: verbal skills, such as vo cabulary and word finding; visualspatial performance, such as reconstruction of block designs; verbal memory, such as memory for stories; and setshifting flexibility, such as the ability to change problemsolving strategies in response to changing requirements. Groups of alco holics and controls, equivalent to one another in terms of age and education, then were compared with respect to these factors. Across all domains, alcoholics, regardless of gender, performed more poorly than controls (figure 1).
The studies discussed above demon strate the pervasive nature of the cogni tive effects of longterm alcohol abuse. On the individual level, however, an alcoholic may perform poorly on one task while doing well on others. Moreover, alcohol does not always affect all neuro psychologic functions equally. Whereas alcoholics frequently demonstrate poorer abstraction and problemsolving skills compared with controls, deficits in verbal learning and memory are observed less consistently (see Parsons 1993).
Several hypotheses have been put forth to account for these observations; however, a comprehensive discussion is beyond the scope of this article (see OscarBerman 1987) . In summary, it appears that the mild generalized brain dysfunction hypothesis best accounts for the existing data for both alcoholic men and alcoholic women. This hypothesis states that longterm alcohol abuse produces a mild to moderate, non specific, highly variable pattern of overall neuropsychologic impairment (Oscar Berman 1987) . A limitation of this hypoth esis, according to some researchers, is that it fails to suggest directions for further research.
2 Nevertheless, it accurately describes the experimental observations regarding alcoholic neuropsychologic performance (Nixon 1993).
DEFICITS THAT MAY UNDERLIE P OOR COGNITIVE PERFORMANCE
Instead of measuring performance on specific tasks, some investigators have examined the underlying generalized cognitive processes that may be affected by longterm alcohol abuse (e.g., Smith and OscarBerman 1992). Our laboratory has focused on investigating cognitive 2 One of the accepted basic characteristics of a scientific model is that it provide a basis for further inquiry.
efficiency, defined here as the ability to attend to relevant accurate information while ignoring irrelevant or inaccurate information (Nixon 1993) .
In one set of these experiments, we examined the speed and accuracy of the subjects' performance on an extended form 3 of the battery of tests used by Acker (1986) , as discussed earlier. We found that groups of sober alcoholic men and women took longer than groups of nonalcoholic control subjects, who were equivalent in age and education to the alcoholics, to complete the tests. However, only alco holic women were less accurate than their matched controls. When efficiency ratios (accuracy divided by time) were consid ered, alcoholic men and women were equally impaired (Glenn and Parsons 1990) . A later study using this same approach also found significant alcohol related deficits in efficiency measures (Glenn and Parsons 1992) . As in the previous study, alcoholic men and women performed similarly despite shorter dura tions of alcoholism among the women.
It has been argued that laboratory tests are so sensitive to subtle impairment that performance on these tests might not reflect performance in realworld situations. To address this concern, we administered the "plant task" (reviewed in Nixon 1993), which requires subjects to identify and isolate the relevant aspects of a problem that might be met in real life.
Subjects are shown four plants; two of the plants are healthy, two are sickly. Each plant is associated with a different combination of treatment factors, includ ing different amounts of water (large vs. small glass), presence or absence of leaf lotion, and type of plant food (blue or yellow). The experimenter describes the treatment each plant has received. The plants remain in full view throughout the test, each surrounded by the bottles and containers that represent its particular treatment combination. The experimenter then displays the treatment combination intended for a fifth, unseen plant. Subjects are asked first how they believe the unseen plant will fare under that treatment and second how they came to that conclusion.
The correct answer to the first question is "well" or "healthy." Moreover, only one treatment factor, the type of plant food, predicts plant health. Thus, the correct answer to the second question is "because it receives the blue plant food" (or something similar).
Analysis of responses indicated that alcoholics, regardless of gender, were able to identify the correct factor but failed to isolate it from other factors. That is, alco holics' responses often combined the correct answer with irrelevant factors, such as, "Well, the plant food has something to do with it, but I'd give it a little more water as well." This inability to ignore the irrele vant constitutes a cognitive inefficiency.
INTERPERSONAL RELATIONSHIPS
Despite the theoretical and practical impor tance of the studies described above, they fail to address a critical area of alcohol related cognitive impairment: interpersonal relationships. This area can be addressed using the Adaptive Skills Battery (Jones and Lanyon 1981), a series of 30 short situations to which respondents must provide either what they believe would be their "typical" response or what they believe is the "best" response to the situa tion. Individual items consider such issues as peer pressure to use alcohol, children who violate curfew, and difficult work and home situations. Scores to responses on any one item may range from 0 (e.g., use of force or drugs as a solution to the prob lem) to 3 (e.g., use of negotiation, appro priate distancing from the problem).
Alcoholic men have been shown to have lower scores on the "typical" re sponses than do nonalcoholic men (Patterson et al. 1988 ). However, the groups did not differ on their "best" re sponses. In 1992 we administered this test to alcoholics (18 men and 16 women) and nonalcoholics (15 men and 12 women) (Nixon et al. 1992) . Data supported the earlier finding: alcoholics had lower scores on the "typical" responses than nonalcoholics but did not differ from nonalcoholics in their "best" responses. The differences were not attributable to differences in age, education, or gender. Thus, it appears that alcoholics are aware of the more appropriate response in situa tions of interpersonal conflict but fail to enact those responses. We have referred tentatively to this pattern of cognitive awareness coupled with behavioral inat tention as an indicator of behavioral ineffi ciency. Additional research is needed to replicate and clarify this pattern. Figure 2 summarizes the efficiency deficits for these two studies, illustrating that alcoholic men and women demon strate significant impairment on ecologi cally valid ("realworld") tasks, consistent with results of more conventional labora tory and clinical research. A broad defini tion of efficiency incorporating the concept of ignoring irrelevancy may therefore be a useful way of assessing alcoholrelated deficits.
NEUROPHYSIOLOGIC CHANGES IN ALCOHOLIC WOMEN
Longterm alcohol abuse is associated with alterations in the electrical and struc tural properties of the brain (for reviews, see Hunt and Nixon 1993). Relevant research has been limited to male subjects to an even greater extent than has the research on neuropsychologic function ing. Studies that included women have produced inconsistent results, as dis cussed below.
EventRelated Potentials
Eventrelated potentials (ERP's) are elec trical "brain waves" that occur in response to external stimuli. The timing and inten sity of brain waves are measured by the electroencephalogram. The P300 is an ERP component occurring approximately 300thousandths of a second after stimu lus onset. Parsons and colleagues (1990) studied ERP's obtained in response to auditory and visual stimuli in alcoholic and nonalcoholic men and women. Consis tent with other data (Porjesz and Begleiter 1993), alcoholic men demonstrated smaller (less intense) P300's than did controls. However, alcoholic women did not differ from control women in this respect.
Hill and Steinhauer (1993) examined visual and auditory ERP's in alcoholic women and their nonalcoholic sisters. Control subjects were nonalcoholic wom en recruited from the community. In contrast to the study by Parsons and coworkers, these data showed a signifi cant association between alcoholism and reduced P300's; that is, alcoholic women had significantly smaller P300's than did either their sisters or the community controls. Based on this and other data, the researchers concluded that low P300 intensity may serve as a marker for as sessing the risk for developing alcoholism in young women.
Brain Shrinkage
Computed tomography (CT) is the first technology developed for producing threedimensional images of structures within the body. Other threedimensional imaging techniques have since been developed, including magnetic resonance imaging (MRI). CT employs X rays to produce images, whereas MRI uses mag netic fields. Both techniques are used commonly by clinicians as well as re searchers to view the living brain (Zakhari and Witt 1992) .
Jacobson (1986a) examined alcoholic women using CT and found enlarged ventricles (fluidfilled cavities within the brain) and widened sulci (furrows on the surface of the brain). Because the brain occupies a closed space within the skull, these findings indicate shrinkage of brain tissue. The degree of brain shrinkage detected in women was similar to that reported in the literature for alcoholic men, despite the women having reported lower peak alcohol consumption (based on selfreported highest daily consump tion during a typical heavy drinking bout).
Similarly, a CT study by Mann and colleagues (1992) found equivalent levels of brain shrinkage in alcoholic men and women despite shorter drinking histories in alcoholic women.
In contrast to the above results, an MRI study by Kroft and colleagues (1991) found enlarged ventricles in only 1 of the 10 women studied (see also Pfefferbaum et al. 1992) . This difference in results may be attributable to several factors, including the small sample size in the Kroft study, and differences in sensitivity between CT and MRI.
The genderrelated differences might be reduced if alcohol amounts were equated for body mass/body water ratios. However, studies of chronic use typically have not obtained such information. Even if this adjustment could be applied, differ ences in the reported years of alcohol abuse would remain.
RECOVERY OF COGNITIVE FUNCTION
Neuropsychologic function tends to re cover progressively in alcoholic men and women over approximately a 2 to 5year period after abstinence (reviewed in Parsons 1993). Verbal skills appear to recover earliest, but subtle deficits, partic ularly in abstraction and problemsolving, may persist.
Continued abstinence is important for sustained recovery of neuropsychologic function. Alcoholic men and women who resume drinking, even at greatly reduced rates, remain cognitively impaired when retested. Some research suggests that those subjects who relapsed to drinking demonstrated poorer neuropsychologic performance initially than did those who remained abstinent; the significance of this finding is unclear (Parsons 1993) .
Few studies of neurophysiologic re covery have been conducted with alco holic women. Jacobson (1986b), using CT, found a greater degree of recovery of normal brain size in alcoholic women than in alcoholic men after 2 or more years of abstinence.
SUMMARY
Alcoholic women experience significant deficits compared with nonalcoholic women over a wide range of neuropsy chologic domains. Cognitive skills ad versely affected by longterm alcohol abuse include perceptualmotor skills, visualspatial processes, learning/memory, and abstraction/problemsolving. Alco holic men and women are impaired to a similar degree, although women typically report shorter or less severe drinking histories. These results suggest that women may be more sensitive to alcohol related cognitive damage; additional research in this area is essential.
Data are contradictory with respect to alcoholrelated changes in brain structure and electrical activity in alcoholic wom en. Research is needed to explain these inconsistencies and to clarify the relation between neuropsychologic and neuro physiologic functions in alcoholic men and women. ■ HUNT, W.A., AND NIXON, S.J., eds. AlcoholInduced
